Aim: Species conservation typically involves working within the existing geographic range of that species. However, with habitat loss and climate change, conservationists may need to extend their work beyond the current range of a species. We attempted to extend the geographic breeding range of a rare species, Kirtland's warbler (Setophaga kirtlandii), by 225 km from the closest known breeding pairs and 550 km from its core population.
given species or suite of species, typically focused in areas in which the species currently or historically occupied (Ausden, 2007; Forrester, Leopold, & Hafner, 2005) . While in many cases this approach has been successful, as the impact of humans on ecosystems increases via climate change, habitat loss, and intensification of agriculture, new approaches may be needed for management at the level of a species' geographic range (Pautasso et al., 2010) . Where climate change may affect habitat suitability more rapidly than a species can disperse, managers and researchers have advocated for approaches such as assisted migration (Hewitt et al., 2011) , especially for less mobile taxa, like plants. Animals have also been translocated outside of their geographic range for the sake of conservation (e.g. Freifield et al., 2016) .
In this study, we attempted to expand the geographic range of an endangered species by approximately 225 km from the nearest breeding pairs, and 550 km from its core population via the use of social cues, with the overall goal of establishing new viable populations to supplement the global population.
While attempts to establish populations outside of a species' current range for the sake of conserving a species are fairly rare, we feel there are at least six benefits for establishing these populations: 1)
A successfully established outlying population will likely increase the overall population by allowing distant dispersers that may not have otherwise paired (Mayfield, 1983) to pair and contribute young to the global population. 2) An expanded geographic range can help protect against a catastrophic event that may impact the entire population of a species (Freifeld et al., 2016; Goodman, 1987; Griffith, Scott, Carpenter, & Reed, 1989) . 3) A new population may be established in an area where management can be more easily or effectively undertaken, for example establishing a new population on public land where resources are available for specific management actions, in contrast to private lands, where conserving rare species can be challenging (Bean & Wilcove, 1997) . 4) Establishment of a population at a new location may avoid impending negative effects of climate change in the current location (Willis et al., 2009) . 5) In some instances, establishment of new populations may help improve the genetic diversity of existing populations (Le Corre & Kremer, 1998) . 6) Finally, a new location for a species can be more productive, with higher-quality habitat, fewer predators or greater reproductive success (Reynolds, Seavy, Vekasy, Klavitter, & Laniawe, 2008; Ward & Schlossberg, 2004; Ward et al., 2011 ).
There are various factors including competition (Anich & Hadly, 2013) , dispersal limitations (Prince, Sellers, Ford, & Talbot, 1987) and physical barriers (Castro, Zamora, & Hódar, 2002 ) that prevent species from using all available habitats (Holt, 2009) . At the level of a species' geographic range, we often see that once a species is "freed" from a specific factor limiting its distribution, it can spread rapidly (e.g. Eurasian collared-dove [Streptopelia decaocto], Scheidt & Hurlbert, 2014 ; bird names follow American Ornithological Society [2017] ). While this is most evident in invasive species that often have negative impacts on a native community, there is the potential to facilitate the expansion of a species of conservation concern outside of its current geographic range to take advantage of appropriate habitat.
The use of social cues (e.g. bird vocalizations) has been shown to influence the habitat selection of birds. There are many examples of attracting birds to predetermined locations within a species' geographic range, with the goal of creating and managing a new population of a species (Ahlering, Johnson, & Faaborg, 2006; Andrews, Brawn, & Ward, 2015; Kotliar & Burger, 1984; Kress, 1997; Nocera, Forbes, & Giraldeau, 2006; Ward & Schlossberg, 2004) . For migratory species, individuals occasionally stray to areas outside their normal range; wind drift or navigational errors can cause birds to misorient or overshoot intended locations (Howell, Lewington, & Russell, 2014) . If multiple migrating birds stop in the same location at the same time in appropriate habitat, they have the potential to found a new population and expand the species' geographic range.
One species that could benefit from an expanded geographic range is Kirtland's warbler (Setophaga kirtlandii). Kirtland's warblers have one of the smallest geographic breeding ranges of any bird in North America and are federally listed as an endangered species.
Although the species' entire population numbered as low as about 400 individuals throughout the 1970s and 1980s, the species is currently rebounding (Bocetti, Donner, & Mayfield, 2014; Mayfield, 1972) .
The core of the species' breeding range is in the Lower Peninsula of Michigan, whereas their wintering range is the Bahamas.
Kirtland's warblers have been found singing on established territories in Wisconsin sporadically since 1978 (Tilghman, 1979) , including sightings in Juneau, Jackson, Douglas, Washburn, Vilas, Marinette, Adams and Bayfield counties (Domagalski, 2013; Trick, Grveles, DiTommaso, & Robaidek, 2008) . As the overall Kirtland's warbler population has increased, the number of birds that migrate to summer locations outside of the core Lower Peninsula population has also increased (Probst, Donner, Bocetti, & Sjogren, 2003) . Although multiple Kirtland's warbler is a habitat specialist, preferring young stands of pine on sandy soils, typically jack pine (Pinus banksiana), but also red pine (P. resinosa), with typically only a few deciduous trees (most commonly oak [Quercus spp.] Walkinshaw, 1983; Anich, Trick, Grveles, & Goyette, 2011; Bocetti et al., 2014) . Structural components thought to be necessary in occupied stands include heterogeneous tree spacing and the persistence of live green branches from 0.6 m high to the ground (Mayfield, 1960; Probst & Weinrich, 1993) . Occupied sites are between 5 and 23 years old, and birds prefer trees 1.7-5.0 m in height with 8-15 years old being the prime window (Bocetti et al., 2014) . Historically, this habitat type was created by wildfires that occurred sporadically in these barrens landscapes, but currently >95% of the Kirtland's warbler population occurs in the core population in the Lower Peninsula of Michigan, mostly within specially created Kirtland's Warbler Management Areas (Michigan Department of Natural Resources, 2015) . In addition to its small population size and limited global range, Kirtland's warbler is threatened by climate change, and models suggest in the future that sites further north will be more favourable for jack and red pine (Duveneck, Scheller, White, Handler, & Ravenscroft, 2014; Landscape Change Research Group, 2014) .
Here, we attempted to expand the geographic range of Kirtland's warbler with the goal of establishing populations in landscapes in which the appropriate habitat for the species is currently present, but no breeding is occurring. We monitored both treatment sites (where warbler vocalizations were broadcast) and control sites (no vocalizations were broadcast) to determine whether birds settled at the site, paired and successfully bred. We then estimated the potential size of F I G U R E 1 Global breeding distribution of Kirtland's warbler (from Probst et al., 2003; eBird, 2016) . The large black region indicates the core population, black circles represent current known subpopulations and stars indicate our two sites at which we intended to establish new subpopulations, Bayfield County Forest in the west, and Marinette County Forest in the east F I G U R E 2 Kirtland's warbler reports within 35 km of the Bayfield playback site, 2008-2016. Includes some unconfirmed reports of adults. Nests include any nests observed, and young includes only fledged young. Conspecific playback was initiated at the site in 2014 (vertical dotted line). Males had been reported in this landscape nearly annually before the playback, but to our knowledge, no nesting had ever occurred in this landscape (or within 225 km) F I G U R E 3 Kirtland's warbler reports within 35 km of the Marinette playback site, 2008-2016. Includes some unconfirmed reports of adults. Nests include any nests observed, and young includes only fledged young. Conspecific playback was initiated at the site in 2014 (vertical dotted line). Prior to playback, nesting had occurred on occasion but a population had failed to persist. After playback, more females were observed and more young were produced than had ever been recorded a future Kirtland's warbler population in Wisconsin, if playbacks were used to continue to fill gaps in suitable areas.
| METHODS

| Conspecific attraction methods
We selected study locations (Figure 1 ) by examining the possibly suitable habitat in Wisconsin and then focusing on landscapes (~35 km radius) in which singing males have previously occurred. In order to allow for continued habitat management of any new populations, we further restricted potential locations to public lands in which future management for young jack pine is feasible. Within those landscapes, we used a forest reconnaissance layer in GIS to identify potential forest stands and used ground-truthing to select what we considered to be the two most suitable stands for Kirtland's warbler in each landscape. One stand was designated the treatment stand, in which we broadcast audio playback of bird songs, and the other stand was designated the control stand, at which we surveyed for birds but did not broadcast audio playback. We verified that no Kirtland's warblers had been detected at these stands in 2013. In each landscape, we originally conducted playback at a single forest stand. We continued broadcasting playback at this stand during all 3 years, but during the course of the project, we broadened the size of each experimental site by adding callboxes into two additional adjacent stands in Marinette and three additional adjacent stands in Bayfield, in response to the movements of birds we observed and our predictions for territory locations in the coming year. For the purposes of this experiment, we considered all adjacent stands to represent a single site. Sites featured sandy soils with dense ground cover for nesting, and the tree cover was dominated by 7-to 13-year-old jack pine. We selected stands where trees pro- Control sites were 2.6 and 3.2 km away from treatment sites, were 20 and 42 ha and 8-10 years of age.
During the three treatment years, the Bayfield County site had 3-5 callboxes on 1-4 adjacent stands, whereas the Marinette County site had 3-6 callboxes on 1-3 adjacent stands. We initially placed callboxes 240 m apart, to mimic the territory spacing we observed in the Adams County population. But as the project progressed and more males arrived to defend territories at our sites, we increased the distance between callboxes (up to a maximum of 850 m), and let actual males fill in territories between callboxes. We wanted to avoid situations where actual males avoided a quality territory because they believed it already occupied (by a callbox). In some cases, we turned off callboxes for the season if an actual male settled close to that location, and in other cases, we situated callboxes in older, less suitable stands outside our preferred stands, to make way for actual males to claim what we gauged as the prime territories. We operated the 
| Avian surveys
Sites were monitored once or twice weekly from 2 May to 31 July by an experienced observer. Starting around dawn, we conducted 5-minute point counts, listening and looking for Kirtland's warblers, recording the number of brown-headed cowbirds (Molothrus ater) and incidental observations of other bird species. Point counts were laid out on a 200-m grid, and the number of points per site varied from 5 to 11, depending on the size of the site and number of callboxes. We assumed Kirtland's warblers could be heard singing 150 m away in good conditions. When male Kirtland's warblers were detected, the observer then spent part of each morning conducting the point count route, and part of the morning observing individual Kirtland's warblers to watch for signs of females and nests. The numbers reported here were the combined results of those survey methods. As part of a larger monitoring project, most adults at our site were banded with a single metal band and three colour bands, and in 2016, nestlings were banded with a single metal band. Once males had been colour banded and were defending territories, it was relatively straightforward to keep track of the number of males at a site. Given the sizes of the stands and the distance that Kirtland's warbler song typically carries, we are unlikely to have missed any males that settled at our sites. Females do not sing, and we may have failed to detect females, but most females that settle at sites are seen with males during the pairing and nest-building stages. We are unlikely to have missed any nests that reached hatching stage (when adults deliver food and the nest location is much more obvious) but may have missed nests that failed at earlier stages. Surveys were concluded by 4.5 hr after sunrise.
To compare the number of adult Kirtland's warblers found at playback and control stands, we conducted a mixed-model ANOVA (SAS PROC MIXED; Littell, Milliken, Stroup, Wolfinger, & Schabenberger, 2006) . We used AIC c to determine which terms improved the model. We included stand type (playback/control), year, and a stand type × year interaction as fixed effects. We also included a term for each site and site × stand type as random effects to account for the paired nature of control and treatment stands and our repeated measurement of sites each year.
| Model of the potential in Wisconsin for the species
To model the potential Kirtland's habitat in Wisconsin, we first ob- , and corrected our total area estimates for red pine and jack pine based on our estimates of how much pine was suitable for Kirtland's warbler. Once we had estimated the total amount of potentially suitable habitat, we calculated the number of pairs of Kirtland's warbler this habitat could support using the estimate of F I G U R E 4 Landscapes that could potentially support Kirtland's warblers in Wisconsin in the future. Black specks represent jack pine and white specks represent red pine, as estimated by the Wiscland 2 land cover dataset (Wisconsin Department of Natural Resources, 2016). For our analysis, we only used pines that fell within regions typed as forested with sandy soils, outlined in black (based on Hole et al., 1968 
| RESULTS
The mean (SE) number of adult Kirtland's warblers detected at play- (Figures 2 and 3 ).
Brown-headed cowbird numbers averaged 0.7 birds/visit in Bayfield and 0.1 birds/visit in Marinette, and we did not observe parasitism at our sites in either year.
We captured, banded, sexed and aged 10 adult Kirtland's warblers at our playback sites. In 2014, we captured one SY (Second Year) male, in 2015 we caught one SY male and two ASY (After Second Year) males, and in 2016 we captured one SY male, four ASY males, and one ASY female. We observed one instance of site fidelity, where a male 
| DISCUSSION
By identifying appropriate habitat and adding social cues (vocalizations) to these habitats, we were able to attract pairs of Kirtland's warblers that subsequently successfully bred at our sites. Although conspecific playback has often been reported working at short dis- has the ability to successfully locate such habitats dispersed across a larger landscape. This capability is demonstrated by records of individual Kirtland's warblers moving hundreds of km from the main Lower Peninsula population to Upper Peninsula sites, and in some cases, back within the same season (Probst et al., 2003) . We suspect the individuals that arrived on the control site in Marinette County were initially attracted to the treatment site but moved around widely and thus settled a few km away at the control site. Given that individuals appear to travel extensively while assessing the quality of different locations, the presence of social cues (i.e. vocalizations) appears to be an important cue they use when selecting breeding habitat. The settlement patterns at our site suggest that male Kirtland's warblers may be more likely to disperse, in contrast to more typical femalebiased dispersal (Greenwood, 1980) . Alternatively, the greater number of males at our sites could be due to a greater responsiveness of males to conspecific playback (perhaps females are less likely to be drawn to sites with no actual conspecifics present) or it could be related to detectability, as males are easily found when singing, but females do not sing.
Given the ability for Kirtland's warblers to disperse and locate these landscapes, why had they had not formed persistent populations in the years prior to our study? We suggest that social inertia, the tendency for a species range to remain constant due to the lack of social cues (Stodola & Ward, 2017) , might have kept birds from previously settling at these sites. Essentially a social stimulus was needed to establish the population-in this case the vocalizations would convey to migrating males and females that a male had established a territory and presumably habitat was available. In years prior to our playback, the same number of males and females might have moved through the area (Figures 2 and 3 ), but they did not settle long enough to success- We note that there seemed to be a delay in the colonization of these sites. As the experiment progressed, we found more birds arriving for their first breeding season at these sites to be older birds-at least 2 of the males in 2015 in Marinette and 2 in 2016
in Marinette were first detected as ASY birds, and at least 3 of those birds arrived at the site very early in the breeding season. The presence of ASY adults at our sites in May suggests that there is a carryover effect where adult birds prospecting for breeding sites discover the playback site too late to nest there, but return there the following year. For this reason, we continued to broadcast playback into late July and early August, to supply public information for the potential benefit of post-breeding dispersing birds (adults and juveniles). This "public information" about birds still on territory in the latter half of the breeding season could be a more reliable indicator of quality habitat (i.e. these pairs have fledged young) than pre-season occupancy (Betts et al., 2008; Danchin, Giraldeau, Valone, & Wagner, 2004; Rushing, Dudash, & Marra, 2015) . And in- (England & Laudenslayer, 1993; Linkhart & McCallum, 2013; Meese, Beedy, & Hamilton, 2014) . While there is much to learn about the ecology and habitat selection behaviour of many imperiled species, conservationists should be creative and investigate the potential of exploiting conspecific attraction to expand the geographic range of imperiled species.
